Objective
To compare the effectiveness and safety of low-dose unfractionated heparin and a low-molecular-weight heparin as prophylaxis against venous thromboembolism after colorectal surgery.
Methods
In a multicenter, double-blind trial, patients undergoing resection of part or all of the colon or rectum were randomized to receive, by subcutaneous injection, either calcium heparin 5,000 units every 8 hours or enoxaparin 40 mg once daily (plus two additional saline injections). Deep vein thrombosis was assessed by routine bilateral contrast venography performed between postoperative day 5 and 9, or earlier if clinically suspected.
Results
Nine hundred thirty-six randomized patients completed the protocol and had an adequate outcome assessment. The venous thromboembolism rates were the same in both groups. There were no deaths from pulmonary embolism or bleeding complications. Although the proportion of all bleeding events in the enoxaparin group was significantly greater than in the low-dose heparin group, the rates of major bleeding and reoperation for bleeding were not significantly different.
Conclusions
Both heparin 5,000 units subcutaneously every 8 hours and enoxaparin 40 mg subcutaneously once daily provide highly effective and safe prophylaxis for patients undergoing colorectal surgery. However, given the current differences in cost, prophylaxis with low-dose heparin remains the preferred method at present.
There is evidence from clinical and autopsy studies that patients undergoing colorectal surgery are at high risk for developing postoperative venous thromboembolism. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] In fact, their risk for venous thrombosis is among the highest of all general surgery patients. 1, 2 Estimates from the control groups of randomized prophylaxis trials show that more than 30% of colorectal surgical patients develop postoperative deep venous thrombosis (DVT) compared with a risk of approximately 20% for all general surgery patients. [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] These patients are also at increased risk for developing pulmonary embolism (PE). 2, 14 In a cohort of 19,161 patients, Huber et al 2 reported a fourfold greater incidence of symptomatic PE in patients undergoing colorectal surgery than in those having other general surgical procedures. Tongren 14 found fatal PE in 3.1% of colorectal surgery patients and in 0.8% of those having other abdominal surgical procedures.
Prophylaxis of DVT is recommended for patients undergoing general surgical procedures. [15] [16] [17] There is level 1 evidence that prophylaxis with low-dose heparin (LDH) reduces the incidence of both DVT and fatal PE. 17, 18 In addition to its proven efficacy, LDH is inexpensive and easily administered. However, despite prophylaxis with LDH, approximately 10% to 15% of colorectal surgery patients have residual DVT, a rate twice that of all general surgery patients. [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] Low-molecular-weight heparins (LMWHs) have several pharmacologic advantages over unfractionated heparin, including increased bioavailability, substantially reduced protein binding, and prolonged half-life, making once-daily dosing possible. 19 These agents also have decreased interactions with platelets, which may reduce the risk of bleeding and heparin-induced thrombocytopenia. 19 Although LMWHs have been shown to have greater efficacy than LDH as prophylactic agents in high-risk patient groups, 17,20 -22 they have not been shown to be superior to unfractionated heparin in meta-analyses of prophylactic use in general surgical patients. 20 -22 However, most general surgery trials have included a high proportion of relatively low-risk patients, and therefore these results may not be applicable to the higher-risk colorectal patients. Further, there have been no randomized trials comparing LMWH and unfractionated heparin specifically in colorectal surgery patients.
The primary objective of this multicenter, randomized trial was to compare the efficacy of LDH and LMWH in a large group of colorectal surgical patients using contrast venography as the principal outcome measure. The second objective was to compare the safety of the two interventions.
METHODS

Patients and Study Design
This study was a prospective, randomized, double-blind controlled trial conducted at 10 university hospitals in Canada. Adult patients undergoing surgery during which part or all of their colon or rectum was resected or in whom a complete rectal dissection was performed (e.g., for rectal prolapse) were potentially eligible for entry, provided the procedure was performed under general anesthesia and was at least 1 hour long. Patients were excluded if they required anticoagulant, antiinflammatory, or antiplatelet therapy that could not be discontinued; had hepatic or renal failure; had a history of a systemic bleeding diathesis or heparin-induced thrombocytopenia, uncontrolled hypertension, hemorrhagic stroke or gastrointestinal hemorrhage in the previous 3 months, a major psychiatric disorder, or a systemic allergy to contrast material; or were pregnant or lactating. All study patients provided written informed consent. The protocol was approved by the ethics review board at each institution.
Before randomization, patients were stratified by institution, nature of the disease (benign or malignant), and the extent of the anticipated dissection (colonic or colorectal/ rectal). A central, computer-generated randomization scheme in blocks of four was used to prepare numbered kits of study medication that were provided to the pharmacy departments of the study centers. In no case was the randomization code broken before final closure of the study.
Interventions
Patients were randomized to receive either calcium heparin 5,000 units subcutaneously every 8 hours or the LMWH enoxaparin 40 mg (100 antifactor Xa units per milligram; Rhône-Poulenc Rorer, Montreal, Canada) subcutaneously once daily in the morning plus two placebo injections of 0.9% saline daily to maintain the double-blind nature of the study. The study injections were prepared as 0.2-mL preloaded, consecutively numbered syringes. In both groups, prophylaxis was initiated 2 hours before surgery and one further injection (heparin or placebo) was given at 8 PM on the day of surgery. Thereafter, patients received three injections daily for up to 10 days. Other methods of pharmacologic or mechanical prophylaxis, including graduated compression stockings, were not allowed, nor was the use of nonsteroidal antiinflammatory agents.
Assessment of Outcomes
Patients were assessed daily to ensure compliance with the protocol and to review their clinical status. Hemoglobin and platelet counts were obtained daily. On or before postoperative day 9, patients underwent bilateral ascending contrast venography using 75 to 100 mL nonionic contrast for each limb to provide opacification of the deep veins of the calf, thigh, and pelvis, including the common iliac veins. Acute venous thrombosis was defined as a constant intraluminal filling defect in a deep leg vein seen on two or more views or an abrupt cut-off of contrast in a vein associated with absent or poorly developed collaterals. Proximal DVT was defined as thrombosis involving the popliteal or more proximal veins. Bilateral duplex compression ultrasonography of the lower extremity veins (including, if technically possible, the pelvic veins and the femoral and popliteal veins to the calf vein trifurcation) was also obtained on the same day as, but before, venography. The ultrasound criterion for venous thrombosis was noncompressibility of all or part of a proximal deep vein. Although ultrasonography was performed, the results of the venography were used for the outcome assessment.
If DVT was clinically suspected before day 9, the patient underwent duplex ultrasonography, followed by venography if the results were positive. 23, 24 Patients with clinical features suggestive of PE underwent ventilation-perfusion lung scanning, followed if necessary by venous ultrasonography, contrast venography, pulmonary angiography, or a combination of these using a prespecified investigation algorithm. A diagnosis of PE was based on the presence of suggestive symptoms and a high-probability lung scan, positive pulmonary angiogram, or the presence of DVT if the lung scan was nondiagnostic.
The primary outcome measure was objectively confirmed venous thromboembolism (DVT or PE). All venograms and other imaging studies for venous thromboembolism were reviewed by a central adjudication committee consisting of two vascular radiologists and a thromboembolism consultant. They were unaware of the treatment allocation and used a detailed coding form and prespecified criteria.
Intraoperative blood loss was recorded from sponge weights and suction aspirates. Blood loss through drains and transfusion requirements were also documented. Postoperative bleeding was classified as major or minor. Major bleeding was defined as intracranial, retroperitoneal, or clinically overt hemorrhage associated with a decrease in the hemoglobin level of more than 20 g/L, the transfusion of 2 or more units of packed cells, or the need for surgical intervention. Minor bleeding included ecchymosis of more than 10 cm, wound hematoma extending more than 5 cm from the incision, unexpected macroscopic rectal bleeding or hematuria, epistaxis of more than 5 minutes duration, or bleeding from other sites associated with a decrease in the hemoglobin level of less than 20 g/L. All bleeding events were adjudicated centrally by a committee of principal investigators who were unaware of the treatment allocation.
Study data were entered into a computerized database at each center and then transferred electronically to the central data collection center. The analysis was performed independent of the sponsor at the Clinical Epidemiology Unit, Mount Sinai Hospital, Samuel Lunenfeld Research Institute.
Sample Size Calculation
Before commencing the study, we estimated that the risk of venous thromboembolism in the LDH group would be 12.5%. With a type 1 error of 0.05 (two-tailed) and a power of 0.80, it was determined that 470 patients with adequate outcomes per group would give sufficient power to detect an absolute difference between the groups of 5.5%. 25
Statistical Analysis
All patients who had an eligible surgical procedure and adequate venography or documented PE were included in the analysis for thromboembolism. All randomized patients, except those who did not fulfill the entry criteria, were included in the analysis of blood loss and bleeding events.
The baseline comparability of the treatment groups and comparisons of outcomes were tested using the chi-square test or the Fisher exact test for proportions and the Student t test for continuous data. Ninety-five percent confidence intervals (CI) for the differences in two proportions were calculated using exact methods when possible and asymptotic methods otherwise. Statistical analyses were performed using SAS (SAS Institute, Cary, NC) and STATXACT for Windows (Cytel Software Corp., Cambridge, MA).
RESULTS
During the study period, 2,490 patients underwent colorectal surgical procedures at the participating institutions. There were 2,354 patients (94.5%) eligible for entry; of these, 1,349 (57.3%) agreed to participate. The characteristics of the two treatment groups were similar (Table 1) .
Fifty-three patients (3.9%) (32 in the LDH group, 21 in the LMWH group) were excluded from analysis because they were subsequently found to be ineligible: surgery was canceled in 5 patients, a colonic or rectal resection was not performed in 43, and 5 patients had a history of allergy to contrast. An additional 360 patients (26.7%) did not complete the study for the reasons listed in Table 2 . Of the 360 patients, the masked outcomes adjudication committee concluded that 197 patients had venograms that were not adequate for proving or excluding DVT. Four patients died; the cause of death in all four was myocardial infarction. Thus, 936 patients (69.4%) who met the inclusion criteria and successfully completed the study were included in the efficacy analysis. The two groups were well balanced for demographic and clinical characteristics ( Table 3) .
Compliance in both groups was high. Only 4 of 468 LDH patients and 5 of 468 LMWH patients failed to receive a preoperative dose of study drug. Subsequently, only three and six patients in the two groups, respectively, missed two consecutive or more than three doses of study medication during the study period.
Thromboembolic Events
The venous thromboembolism rate was the same in both groups: 44/468, or 9.4% (95% CI of the difference, 0 Ϯ 3.7%). Of these, five were symptomatic (three in the LDH group, two in the LMWH group). The rate of proximal DVT was 2.6% in the LDH group and 2.8% in the LMWH group. No instances of isolated iliac vein thrombosis were identified by venography or ultrasonography. Only one enoxaparin patient had a symptomatic, nonfatal PE. There were no deaths attributable to thromboembolism.
Patients with a diagnosis of inflammatory bowel disease who were randomized to LDH had a significantly lower rate of thromboembolism than those receiving LMWH (2.9% vs. 9.0%, P ϭ .037). Obese patients (body-mass index Ͼ 30%) receiving LDH had a significantly greater rate of thromboembolism (26.3% vs. 9.4%, P ϭ .001). There were no significant differences in the effectiveness of LDH and LMWH in patients with cancer (16.9% vs. 13.9%, P ϭ .052), in patients older than 50 years (12.4% vs. 13.2%, P ϭ .79), in patients with a history of thromboembolism (31.5% vs. 35 .7%, P ϭ 1.0), or in patients undergoing a rectal dissection (8.0% vs. 9.5%, P ϭ .60).
Of the 360 patients who did not complete the study with adequate venography, 237 (65.8%) had bilateral duplex ultrasonography performed between day 5 and 9. No patient in the LDH group but two in the LMWH group had evidence of DVT using this noninvasive test.
Bleeding Complications and Thrombocytopenia
Intraoperative and postoperative blood loss, transfusion requirements, and hemorrhagic complications are shown in Table 4 . The mean intraoperative and postoperative blood loss, the mean number of units of blood transfused, and the proportion of patients requiring transfusions were similar in both groups. The total bleeding event rate was significantly lower in the LDH group than in the LMWH group (6.2% vs. 10.1%, P ϭ .003), primarily because of an excess of minor bleeding episodes in the LMWH patients (P ϭ .03). The rate of major bleeding events was also increased, but not significantly (1.5% vs. 2.7%, 95% CI difference Ϫ0.4 -2.8%, P ϭ .136). Overall, only three patients required reoperation for bleeding, and no patient died of a bleeding complication. Thrombocytopenia, defined as a 50% or greater drop in platelet count after postoperative day 5, occurred in six patients (0.9%) in each group.
DISCUSSION
Among general surgery patients, those undergoing colorectal surgical procedures are at a higher-than-average risk for developing postoperative DVT because these procedures tend to be prolonged, patients are often placed in stirrups in the lithotomy position, and a pelvic dissection is commonly performed. Further, the indication for surgery is often cancer or inflammatory bowel disease, and these are known to be risk factors for thromboembolism. 26, 27 Because of the demonstrated greater efficacy of LMWH versus LDH in high-risk patients, including those having elective orthopedic surgery, we hypothesized that patients undergoing colorectal procedures might benefit from LMWH prophylaxis. 17,20 -22 However, our results demonstrated equivalent efficacy both for all DVTs and for the clinically more important proximal thrombi. One possible explanation for this lack of difference between interventions may be the relatively high doses of both the unfractionated heparin (15,000 U daily) and the LMWH (4,000 anti-Xa U daily) used in our trial.
Our results reflect those of previous trials in general surgical patients that have failed to show that LMWH is significantly more effective than LDH. 17,20 -22 The event rate was higher in this study (9.4%) than in many other large general surgery trials, 20 -22,28 -30 probably reflecting the higher thromboembolic rate in colorectal patients as well as our use of contrast venography as the routine test for DVT rather than fibrinogen leg scanning, which has been used in other studies. 31 In orthopedic studies, fibrinogen leg scanning has poor sensitivity for the detection of proximal DVT. 32 In general surgery trials, fibrinogen leg scanning is also likely to lack sensitivity and has been shown to have low specificity, with a false-positive rate of 29% in five studies in which positive leg scans were followed up by confirmatory venography. 28, [33] [34] [35] Similarly, Doppler ultrasound is less sensitive than venography. In this study, only 5 of the 88 DVTs (5.6%) detected by venography were detected by ultrasonography. There were no DVTs detected by ultrasonography that were not detected with venography.
Only three previous general surgery trials used venography as the primary outcome measure. 36 -38 Bounameaux et al 36 compared two LMWHs given once daily to 194 abdominal surgery patients who also used elastic stockings. The venographically proven DVT rate among the patients who received dalteparin 2,500 IU once daily was 32%; the rate in the patients who received nadroparin 3,075 IU was 16%. Both doses were substantially lower than the dose of enoxaparin used in our trial. In the study by Wiig et al, 37 DVT was demonstrated by routine venography in 27% of patients undergoing abdominal surgery who received enoxaparin 20 mg/day. After an interim analysis, the dosage of enoxaparin was increased to 40 mg/day and the observed DVT rate was 12% in cancer patients, supporting the importance of an adequate dose of prophylaxis in these patients. The ENOXACAN study also randomized general surgery patients to LDH 5,000 U three times daily or enoxaparin 40 mg/day, both commencing before surgery, and used routine venography as the primary outcome measure. 38 This study included only patients who underwent elective, potentially curative abdominal or pelvic surgery for cancer. Patients in this study were considerably older on average than those in the present study (mean ages 68 vs. 50 years). The DVT rate in the ENOXACAN study was 18.2% in the LDH group and 14.7% in the enoxaparin group. These rates are similar to those in our study, where the overall thromboembolic event rate in patients with cancer was 15.5%. Although venography has greater accuracy than fibrinogen leg scanning, obtaining a diagnostic study is impossible in 10% to 30% of patients, particularly when the DVT rates are low. In the ENOXACAN study, 40% of patients had inadequate venography. In our study, only 18% of patients had inadequate venography, and overall 69.4% were included in the efficacy analysis. The proportion of patients with inadequate venography was similar in both groups, and therefore the relative efficacy of the interventions should be unbiased. 39 In addition, bilateral ultrasonography was performed in 237 of the patients who did not have venography. Thus, overall 93.9% of randomized patients were evaluated for DVT by at least one objective screening modality.
In our study, there were significantly more bleeding events in patients receiving LMWH. The minor bleeding event rate was significantly increased, although the difference in the rate of major bleeding events was not significant. A similar trend was observed in the ENOXACAN study: major bleeding was seen in 4.1% of patients receiving enoxaparin and 2.9% of those receiving LDH. However, previous meta-analyses have not observed increased bleeding with LMWH in general surgery patients. 20, 22, 40 Palmer et al, 40 summarizing the results of 33 general surgical trials that compared LDH and LMWH, found significantly lower risk of bleeding in patients randomized to LMWH (relative ratio ϭ 0.75, 95% CI 0.64 -0.88). The meta-analysis by Koch et al 20 found that in general surgery trials comparing LDH with high-dose LMWH (Ͼ3,4000 U/day), the bleeding rates were greater in the LMWH patients (7.9% vs. 5.3%), whereas at lower doses of LMWH the reverse was true (3.8% vs. 5.4%). In the present trial, both minor and major bleeding rates were lower than those reported previously. In the ENOXACAN study, 38 the overall bleeding rates were 18.7% in the LMWH group and 17.1% in the LDH group. Cohen et al 41 reported that in a randomized controlled trial comparing LMWH and LDH, 8% of 3,809 patients undergoing abdominal surgery had major bleeding and 2% required reoperation. In the present trial, only 2.5% of patients in the LMWH group and 1.2% in the LDH group had a major bleeding event, and only three patients (0.2%) required reoperation for bleeding.
In summary, LMWHs have been advocated for prophylaxis in surgical patients because they are potentially more effective and safer, and with once-daily dosing they are more convenient to administer. In this study, we showed that LDH and LMWH are equally effective for the prevention of thromboembolism in colorectal surgery patients. The lack of superiority in thromboprophylaxis of LMWH over LDH has also been demonstrated among general surgery patients in other, smaller trials as well as in several metaanalyses. 20, 22, 40 Our results also showed greater bleeding rates with LMWH, although the risk of major bleeding was not significantly increased. Other considerations in deciding which prophylaxis regimen to use are the cost of treatment and the ease of administration. LMWH has the advantage of once-daily dosing versus two or three daily injections for LDH. However, currently in North America, the costs of the LMWHs are substantially higher than for unfractionated heparin. Our group has performed an economic analysis based on the results of the trial using both Canadian and American costs. 42 Not surprisingly, given the efficacy and safety results of this trial, the strategy of prophylaxis with LDH was the more cost-effective option. A strategy of enoxaparin prophylaxis was associated with equal numbers of symptomatic DVTs and PEs and an excess of 12 major bleeding episodes for every 1,000 patients treated, with an additional cost of $86,050 (Canadian data) or $145,667 (U.S. data). Even when sensitivity analyses were performed using optimal assumptions for the efficacy and safety of enoxaparin, the model favored LDH.
In conclusion, our results showed that in patients undergoing major colorectal surgical procedures, thromboprophylaxis with LDH is as efficacious and safe as that with LMWH. Given the differences in cost, prophylaxis with LDH remains the preferred method at present.
